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Abstract. Potential for trace elements accumulation of the species Goniolimon tataricum (L.) Boiss.was 
estimated. Plant tissues of Goniolimon tataricum and associated soils were sampled from four sites in 
Serbia and Republic of Macedonia located on two different geological substrates (ultramafics and 
dolomites). The aims of the present study were to investigate the levels of P2O5, K2O, Ca, Mg, Fe, Mn, 
Ni, Zn, Co, Cr, Cu, Cd and Pb in the soils and plant tissues of G. tataricum from these four localities. Soil 
samples collected from ultramafics contained elevated levels of almost all analysed trace elements and 
Ca/Mg quotients for the available fraction are close to 1. As for the dolomitic samples, they were 
characterized by elevated levels of Cd, Mn, Pb, Zn, Ca, and remarkably high Ca/Mg ratio. In plant tissues 
of G. tataricum remarkably high concentrations of Mg, Cu and Cr were measured (up to 16584, 321 and 
71.4 mg/kg, respectively). This survey suggests that some G. tataricum populations from the ultramafic 
and dolomite soils of Serbia and the Republic of Macedonia emerge as Cu and Cr accumulators and could 
be used for phytoextraction purposes. 
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1. INTRODUCTION 
 
Ultramafic rocks (serpentinite, peridotite, 

dunite) are known for a long time as a strongly 
hostile environment (Brooks, 1987; Baker et al., 
1992; Roberts & Proctor, 1992). These ecosystems 
fascinated many botanists because of the unique 
flora they support, which due to some adaptive 
structures and functions managed to thrive on this 
demanding substrate. Although patchily distributed 
all over the world, they cover only 1% of the world's 
surface (Sequeira & Pinto da Silva, 1992). Some of 
the ultramafic areas can be found in the United 
States, Canada, Brazil, Cuba, SE Asia, S Africa, and 
Europe. In Europe, in addition to relatively small 
areas located in the Sweden, Norway, Czech, 

Switzerland, Great Britain, Portugal, and Italy, the 
largest ultramafic zones are in the Balkan Peninsula. 
According to Stevanović et al., (2003), in the 
Balkans ultramafics (serpentinite) exists in large 
blocks or as small outcrops in C Bosnia, W&C 
Serbia, and C&SE Albania, ending at the ultramafic 
formations of Epirus, Thessaly and island Euboea in 
Greece. Small surfaces also occur in SW&C 
Bulgaria, mainly in E&C Rhodope (Pavlova et al., 
1998; Pavlova, 2001). 

Increased interest in edaphic flora, started with 
ultramafic explorations and led to intensive studies of 
other types of substrate. However, little work has 
been done on dolomites. Dolomite is similar to 
ultramafics, having a high concentration of 
magnesium, although it’s origin is related to 
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limestone. While limestone is mainly composed of 
calcium carbonate, dolomite is usually composed of 
calcium carbonate and magnesium carbonate, wherein 
the magnesium can be replaced with iron or, rarely, 
manganese (Wyckoff & Merwin, 1924). McHale & 
Winterhalder (1997) assigned the terms ”calcitic 
limestone” to one kind of rock and ”dolomitic 
limestone” to the other. Pure dolomite, although very 
rare, can contain even 45% of MgCO3. Considering 
the replacement of magnesium with iron in dolomite, 
Palache et al., (1951) recommended that the name 
dolomite should refer to the rocks containing more 
magnesium then iron, oppose to ankerite, containing 
more iron than magnesium. Metamorphism of 
carbonate minerals (calcite, dolomite and/or 
aragonite) results in marble, metamorphic rock that 
contains more than 50% volume of carbonate 
minerals. Depending on whether there are more than 
95% of carbonate minerals, marbles can be classified 
as pure or impure (Rosen et al., 2011). In Serbia, the 
largest dolomite and marble areas can be found in 
western (Mt Zlatibor, Čačak, etc.), eastern 
(surroundings of Pirot and Prokuplje) and central 
parts (Mt Venčac) (Pefrov, 1980; Đorđević et al., 
1991). Soils derived from calcareous bedrock (such as 
dolomite or limestone) are generally fine textured and 
neutral to slightly alkaline (Donahue et al., 1977) with 
low concentrations of certain plant nutrients (N, P, K) 
and high concentrations of MgCO3 (Neely & 
Barkworth, 1984). 

However, in ultramafic soils, this is just a part 
of the harsh conditions for plant growth. In addition 
to low concentration of many essential nutrients 
such as P, K, and Ca, ultramafic soils generally have 
high contents of heavy metals such as Fe, Ni, Co, Cr 
(Kruckeberg, 1984; Walker, 2001). They are 
characterized by low Ca/Mg ratios, generally < 1, 
with Ca at significantly lower concentrations relative 
to surrounding areas and toxic concentration of Mg 
(Bradshaw, 2005; Brady et al., 2005; Skinner, 2005). 
All this, associated with soil xericity, limits the plant 
growth (Brooks, 1987; Roberts & Proctor, 1992), 
resulting in the uniqueness of ultramafic soils and 
the plant species they support. 

Since these soils contain phytotoxic 
concentrations of several trace elements, many of the 
well-adapted plants represent hyperaccumulators. 
According to Baker & Brooks (1989), 
hyperaccumulators are defined as plants with more 
than 1000 µg/g dry weight of Ni, Co, Cu, Cr, or Pb, or 
more than 10,000 µg/g dry weight of Zn or Mn in their 
tissues. Most of hyperaccumulators belong to the 
family Brassicaceae. Particularly intensive research 
was done on the Alyssum L. species, especially sect. 
Odontarrhena C. A. Mey., known as a group of plants 

with the highest number of Ni hyperaccumulators. 
Previous studies of heavy metal accumulation in the 
territory of Serbia were also related mainly to the 
representatives of Brassicaceae, particularly Thlaspi L. 
and Alyssum species (Vinterhalter & Vinterhalter, 
2005; Vinterhalter et al., 2008; Tumi et al., 2012; 
Tomović et al., 2013), rarely to the representatives of 
other families, like Hypericaceae (Obratov-Petković et 
al., 2008), Lamiaceae, Apiaceae and Cistaceae (Dudić 
et al., 2007). 

Regarding the family Plumbaginaceae, 
previous research was related only to the genus 
Armeria Willd., especially to Armeria maritima 
(Mill.) Willd., that was recognized many years ago 
as an indicator of high heavy metal contents in soil. 
First of all, Henwood (1857) reported that the 
presence of copper in the Wales was indicated by 
growth of this species. This was followed by the 
research of tolerance and accumulation of different 
trace elements (Zn, Cu, Pb etc.) in metal-tolerant 
taxa included in the A. maritima complex (Ernst, 
1974, 1982, 1998; Farago et al., 1980; Neumann et 
al., 1995). In addition, it was pointed out that 
ecotype differentiation is induced primarily by 
chemical conditions of soil (Lefebvre, 1974; 
Goodwin-Bailey et al., 1992; Kőhl, 1997; 
Abratowska et al., 2012). In this respect, Armeria 
maritima (Mill.) Willd. ssp. halleri (Wallr.) A & D. 
Löve was described from the different mining region 
as endemic metallophyte and characteristic species 
of the calamine flora among other, like Biscutella 
laevigata, Dianthus carthusianorum, Silene vulgaris 
(Rostański & Wierzbicka, 2002). 

Best to our knowledge, there are no studies 
concerning trace elements tolerance and 
accumulation in Goniolimon species. Genus 
Goniolimon Boiss. comprises about 20 species 
distributed from North Africa (Algeria, Tunisia), 
across Europe and Russia to Mongolia (Linčevski, 
1952). The center of diversity lies in the 
Mediterranean area, Macaronesia and Europe 
(Greuter et al., 1989). There are no records of 
Goniolimon occurring on ultramafics, except in the 
Central Balkans, and hence there was no 
investigation of hyperaccumulation potentials of the 
species. Previous studies in this region were related 
primarily to the distribution, and resulted in 
knowledge that there is only one species on the 
territory of Serbia - Goniolimon tataricum (L.) 
Boiss. (Buzurović et al., 2013) and two species in 
the Republic of Macedonia - Goniolimon tataricum 
and Goniolimon dalmaticum (C. Presl) Reichenb.fil. 
(Micevski & Matevski, 1995). 

The objectives of this study were: 1) to 
investigate the level of P2O5, K2O, Ca, Mg, Fe, 



 

149 

Mn, Ni, Zn, Cr, Cu, Co, Cd and Pb in the soils 
from several ultramafic localities and one 
dolomitic site of G. tataricum; 2) to examine the 
level of accumulation of these elements in plant 
tissues (roots and shoots) and test the G.tataricum 
capability to hyperaccumulate some of the them; 
3) to compare the level of accumulation of these 
elements in the plant tissues among localities with 
different geological substrate (ultramafics and 
dolomitic). 

 
2. MATERIAL AND METHODS 
 
Plant samples of Goniolimon tataricum and 

associated soil were sampled in four sites located on 
two different geological substrates (ultramafics and 
dolomitic) for the essential and trace elements 
analyses. 

 

 
Figure 1. Map of Serbia and Republic of Macedonia with 
marked locations (SP1–SP4) of the studied populations of 

Goniolimon tataricum (black circles) 
 
The samples were taken from Serbia (Hisar 

hill, Mt Vujan, Rudine hill) and Republic of 
Macedonia (Raduša) during 2012 and 2013. The 
sampling sites differ in geological substrate, having 
in common high proportion of magnesium. The 
geological substrate on the sampling sites on Mt 
Vujan (Brković et al., 1977) and in Raduša 
(Petkovski et al., 1984) is serpentinite, on Rudine 

hill harzburgite (Grupa autora, 1970) and dolomitic 
marble on Hisar hill (Grupa autora, 1969; 
Ranđelović & Ružić 1986).  

The Hisar hill near Prokuplje belongs to the 
internal Vardar subzone (Vardar zone) and is made 
up of the Precambrian lower metamorphic complex 
of metamorphic dolomite (dolomitic marble). In the 
largest extent, this area is edged by fine-grained 
gneisses of the same age, which are otherwise 
dominant in this whole area (Grupa autora, 1969). 
The youngest formations are Quaternary and are 
represented by alluvials, which are found along the 
course of the River Toplica.  

The "Vujan" sample site belongs to the Jadar 
block of the Vardar zone. It is made up of Jurassic 
serpentinite formed mainly of olivine and piroxene. 
Although relatively large and compact, within this 
serpentinite mass, in several places appear igneous 
rocks of the same age, like diabase, spilite and 
melaphyre, which is quite clearly on the vertical 
profile of the area, as well as lower Miocene basal 
conglomerates. While in the south serpentinite area 
borders with lower to middle Miocene sandstone, 
shale, tuffaceous sandstone, marlstone and marly 
limestone, on the west are only those of middle 
Miocene age. On the east there are Jurassic olivine 
gabbro and Late Cretaceous sandstone (in the lesser 
extent), while to the north it borders with Tertiary 
marlstone, shale, dolomite and conglomerate 
(Brković et al., 1977). 

"Raduša" sample site is made up of Jurassic 
serpentine of significant thickness. This small 
portion of serpentinite is surrounded by harzburgites 
and dunite of the same age, which occupy a greater 
area. Significant surface in the close surroundings of 
the sample site is occupied by Triassic massive 
marbleized limestone, phyllite and Late Cretaceous 
(turon-senonian) flysch (Petkovski et al., 1984). 

The Rudine hill belongs to the Kopaonik 
block of the Vardar zone. It is made up of Triassic 
harzburgite, an ultramafic plutonic rock. The area 
under harzburgites on the right bank of the Ibar 
River (where the hill Rudine is located) are 
relatively small, especially compared to surface 
that occupy the left river bank (Grupa autora, 
1970). The harzburgites of this sample site are 
edged mostly with the Tertiary volcanic rocks are 
made up of dacite–andesites, quartzlatite, 
basaltoids (to a lesser extent), as well as volcanic 
pyroclastics represented by volcanic breccias, tuffs 
and agglomerates (Miladinović et al., 2012). The 
youngest formations are Quaternary and are 
represented by alluvials, which are found along the 
course of the Ibar. They are made up of sands, 
gravels and clays. 
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Voucher specimens are deposited in BEOU 
(Herbarium of University of Belgrade). Voucher 
numbers and collecting details are given in table 1 
and figure 1. 

 
2.1. Soil analysis 
 
Soil samples (approximately 500 g per 

sample) were taken from the rhizosphere of several 
G. tataricum plants and oven dried at 40oC for 3 
days, then grinded, sieved through 50 μm sieve and 
oven dried at constant temperature of 40°C. 

Actual and exchangeable pH of soil was 
measured in distilled water and in 1 M solution of 
KCl, in a solid-liquid (S/L) ratio of 1:2.5 mL/g 
(McKeague, 1978). In AL solution (0.1 M 
ammonium lactate and 0.4 M acetic acid) extract 
(S/L 1:20) were determined available P2O5 and K2O 
(Egnér et al., 1960). For determination of 
phosphate concentration we used molybdenum blue 
method and flame emission spectrophotometry by 
Pye Unicam SP 192 atomic absorption 
spectrophotometer for concentration of potassium. 
In 1 M ammonium acetate extract (S/L 1:50) (Van 
Reeuwijk, 2002) were measured available Ca and 
Mg using atomic absorption spectrophotometry 
(Shimadzu AA 7000). Determination of organic C 
concentration was done by dichromate digestion 
based on FAO procedure (FAO, 1974). Extraction 
of available metals in soil was performed by 0.05 
M EDTA (S/L 1:10) (McGrath, 1996). For total 
metal extraction, material was digested by HCl and 
HNO3 digestion (ISO 11466, 1995). In both 
extracts concentrations of metals were measured 
using atomic absorption spectrophotometry (ISO 
11047, 1998) (Shimadzu AA 7000). 

 
 

2.2. Plant Analysis 
 
Plant samples, collected in 5 – 10 replicates 

of each investigated population, were separated 
into roots and shoots. After washing carefully with 
distilled water to remove soil particles, material 
was oven dried at 40°C for 3 days to obtain dry 
weights. 

Dried and ground plant material was digested 
using a boiling mixture of 10 mL of nitric and 5 mL of 
sulphuric acids. After that, solutions were filtered and 
adjusted to 25 mL with bideionized water. 
Concentration of phosphorus was determined by 
modified molybdenum blue method (Chen et al., 
1956). Potassium concentration was determined using 
flame emission spectrophotometry (Shimadzu AA 
7000). The series of standard solutions for metals were 
made from 1 g/L solution purchased from Carlo Erba, 
Italy, and concentration of metals were determined 
using atomic absorption spectrophotometry (Shimadzu 
AA 7000). 

 
2.3. Data analysis 
 
All the measurements data were subjected to 

a statistical analysis. We used nonparametric 
statistics since the data were not normally 
distributed. Arithmetic means and standard 
deviations are given in tables 2&3. Inter-
relationships between the investigated metal 
concentrations in the soils, roots and shoots were 
examined using correlation matrices. Correlations 
were estimated using the bi-variation method, with 
two-tailed significance and Spearman R correlation 
coefficients, and only for the elements with 
concentration > 0.1 mg/kg. All statistical analyses 
were carried out using the package Statistica 5.1 for 
Windows (StatSoft, 1997). 

 
Table 1. Characterization of the sampling points of Goniolimon tataricum used in this study 

Species Location Sample 
point 

Lat. 
(N) 

Long. 
(E) 

Alt. 
(m) 

Vegetation 
alliance Type of rocks Voucher 

Number 

G. tataricum 

Republic of 
Macedonia 
Skopje 
(Raduša) 

SP1 42.0514 21.2548 315 Centaureo- 
Bromion fibrosi 

metamorphic 
ultramafic 
(serpentinite) 

38495 

G. tataricum 
Serbia 
Prokuplje 
(Hisar hill) 

SP2 43.2249 21.5768 340 
Scabioso- 
Trifolion 
dalmatici 

metamorphic 
dolomite 
(dolomitic 
marble) 

34926 

G. tataricum 
Serbia Gornji 
Milanovac (Mt 
Vujan) 

SP3 43.9851 20.4441 500 
Chrysopogoni- 
Danthonion 
alpinae 

metamorphic 
ultramafic 
(serpentinite) 

34923 

G. tataricum 
Serbia 
Raška (Rudine 
hill) 

SP4 43.2821 20.6420 591 Centaureo- 
Bromion fibrosi 

igneous 
ultramafic 
(harzburgite) 

34925 
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Table 2. pH, organic C, concentrations (mg/kg) of P2O5, K2O, major elements (Ca, Mg, Fe), and trace elements 
(Mn, Ni, Zn, Cu, Cr, Co, Cd, Pb) in soils samples. Concentrations are given as means ± standard deviations 

 SP1 SP2 SP3 SP4 
pH soil in H2O 6.72 6.96 5.99 6.06 

pH soil in 1 N KCl 5.85 6.34 5.2 5.22 
Organic C % 5.09 ± 0.48 11.3 ± 0.58 10.4 ± 2.71 16.5 ± 1.42 

P2O5 (available) 79.2 ± 7.22 858  ± 14.4 41.7 ± 26.0 53.3 ± 5.77 
K2O (available) 384 ± 3.24 413 ± 6.82 446 ± 20.2 481 ± 21.2 
Ca (available) 1738 ± 41.6 12322 ± 494 1567 ± 188 2191 ± 53.9 
Mg (avaliable) 1075 ± 23.0 368 ± 30.5 2148 ± 43.6 2317 ± 16.2 

Ca/Mg 1.62 33.4 0.73 0.95 
Fe (total) 59975 ± 2664 21619 ± 890 76595 ± 11890 70609 ± 2128 

Fe (available) 278 ± 15.9 74.1 ± 1.44 539 ± 13.2 435 ± 4.35 
Mn (total) 1525 ± 12.6 718  ± 26.3 1948 ± 332 1626 ± 70.2 

Mn (available) 486 ± 11.1 107 ± 5.18 365 ± 11.9 435 ± 11.2 
Ni (total) 1990 ± 33.1 38.7 ± 5.61 2546 ± 424 1828 ± 69.5 

Ni (available) 104 ± 1.7 1.08 ± 0.07 209 ± 4.56 187 ± 5.71 
Zn (total) 64.5 ± 1.44 345 ± 12.8 141 ± 38.8 105 ± 19.2 

Zn (available) 5.02 ± 0.26 48.4 ± 0.8 16.4 ± 0.48 4.89 ± 0.21 
Cu (total) 13.6 ± 0.33 23.9 ± 0.52 13.6 ± 2.72 20.4 ± 0.25 

Cu (available) 3.74 ± 0.02 4.54 ± 0.49 3.74 ± 0.33 4.7 ± 0.15 
Cr (total) 461 ± 12.6 96.8 ± 7.27 898 ± 125 847 ± 60.8 

Cr (available) 0.86 ± 0.39 0.1 ± 0.39 0.56 ± 0.36 0.02 ± 0.42 
Co (total) 113 ± 2.44 14.6 ± 1.01 172 ± 37. 8 130 ± 0.88 

Co (available) 30.4 ± 2.78 0.13 ± 0.14 26.0 ± 4.3 21.2 ± 4.67 
Cd (total) 1.86 ± 0.08 2.91 ± 0.08 2.05 ± 0.44 1.95 ± 0.09 

Cd (available) 0.33 ± 0.03 1.25 ± 0.01 0.24 ± 0.03 0.38 ± 0.02 
Pb (total) 68.4 ± 3.97 122 ± 2.18 67.9 ± 12.3 210 ± 3.1 

Pb (available) 24.2 ± 0.51 32.4 ± 0.48 12.5 ± 0.27 82.7 ± 1.9 
 

The translocation factor (TF=Cshoot/Croot) was 
calculated from the concentration of heavy metals 
to evaluate plant ability to translocate them from 
root to the aerial parts (Mattina et al., 2003). 
Bioaccumulation factor which shows the overall 
efficiency of plant to accumulate heavy metal in 
both shoots and roots was calculated based on the 
plant extractable level of heavy metals in the soil. It 
is defined as the ratio of shoot or root heavy metals 
concentration to the available heavy metals 
concentration in soil. 

 
3. RESULTS 
 
3.1. Soil characteristics 
 
Chemical characteristics of the soil (pH in 

H2O, pH in 1 M KCl, percentage of organic matter, 
and concentrations of P, K), available concentrations 
of major elements (Fe, Ca, Mg) as well as trace 
element concentrations are shown in table 2. The pH 
in H2O of the soil samples varied from slightly 
acidic to almost neutral, while pH in 1 M KCl was 
acidic to moderate acidic. Regarding the 
concentration of essential macronutrient, content of 
P varied in a great extent, while the concentrations 

of K are quite uniform. 
As for the major elements concentrations in 

soil samples, it was determined that the soils had 
moderate available Ca concentration in 
ultramafics and very high in dolomitic and low to 
moderate concentration of available Mg. The 
available Ca/Mg ratios in 4 soil samples varies, 
depending on type of substrate, from relatively 
low in ultramafics to very high in dolomitic ones. 
Total and available concentrations of trace 
elements are mainly increased in soil samples 
from ultramafics (Ni, Cr, Co) or in all samples 
like for Cd, Mn, Pb, Zn. Only concentrations of 
Cu are within average values for uncontaminated 
soils. 

 
3.2. Chemical composition of plant material 
 
Concentration of major elements (Ca, Mg and 

Fe) in roots and shoots of investigated plant 
populations are given in table 3. Concentrations of Ca 
in roots and shoots are generally low in both roots and 
shoots. On the contrary, Mg is found in extremely 
high concentrations, significantly higher than in soil 
(up to 30 times in samples from dolomite). As a result 
of these Ca and Mg amounts, their ratio is low in both 
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roots and shoots. Although the contents of Fe in roots 
and shoots are higher than those available in soils, 
these concentrations do not exceed 800 mg/kg.Trace 
elements concentration (Cd, Co, Cr, Cu, Mn, Ni, Pb 
and Zn) in roots and shoots of four analysed 
populations of G. tataricum are shown in table 3. 
Generally, concentration of Mn and Ni are relatively 
low; in samples from Raduša and Hisar are higher in 
shoots, and from Mt Vujan and Rudine hill in roots. 

Concentrations of Zn are relatively low with 
slight variations in roots and shoots. Cu 

concentrations varied from very low to high, but 
higher in the roots. Concentrations of Cr and Cd are 
higher in roots than in shoot in all samples. For Cr 
they varied from low to relatively high, while 
concentrations of Cd are low in all samples, with 
values bellow 2 mg/kg. Contents of Co are greater in 
shoots than in roots in all analysed populations, in 
both cases with slight variations. Concentrations of 
Pb varied to some extent, but they are similar in 
roots and shoots. 

 
Table 3. Concentration (mg/kg) of major elements (Ca, Mg, Fe), and trace elements (Mn, Ni, Zn, Cu, Cr, Co, 

Cd, Pb) in Goniolimon tataricum plant tissues. Concentrations are given as means ± standard deviations 
  SP1 SP2 SP3 SP4 
Ca (root) 1008 ± 212 4866 ± 645 2998 ± 377 2204 ± 404 
Ca (shoot) 2579 ± 589 2851 ± 1212 1750 ± 179 3764 ± 851 
Mg (root) 7511 ± 1155 7109 ± 578 10851 ± 403 7865 ± 350 
Mg (shoot) 16584 ± 1008 10137 ± 327 9503 ± 236 16182 ± 1372 
Ca/Mg (root) 0.13 0.68 0.28 0.28 
Ca/Mg (shoot) 0.16 0.28 0.18 0.23 
Fe (root) 337 ± 6.87 195 ± 10.7 692 ± 27.4 492 ± 20.5 
Fe (shoot) 787 ± 110 304 ± 11.8 230 ± 5.41 160 ± 26.8 
Mn (root) 15.8 ± 0.04 17.0 ± 0.31 25.0 ± 0.29 18.1 ± 0.29 
Mn (shoot) 26.2 ± 3.49 20.2 ± 0.73 12.3 ± 0.04 11.4 ± 0.38 
Ni (root) 15.8 ± 0.07 1.14 ± 0.71 50.7 ± 2.06 26.8 ± 0.59 
Ni (shoot) 33.7 ± 3.21 3.9 ± 0.85 14.0 ± 1.07 10.5 ± 0.94 
Zn (root) 8.61 ± 0.39 10.5 ± 0.35 9.21 ± 4.32 18.2 ± 0.62 
Zn (shoot) 13.4 ± 2.31 20.5 ± 6.36 10.9 ± 3.6 11.5 ± 2.64 
Cu (root) 47.3 ± 1.09 27.6 ± 0.76 44.5 ± 2.57 321 ± 6 
Cu (shoot) 39.6 ± 11.5 3.57 ± 0.28 38.5 ± 2.1 2.9 ± 0.28 
Cr (root) 71.4 ± 43.5 50 ± 35.7 57.1 ± 18.9 52.4 ± 14.9 
Cr (shoot) 33.3 ± 25.1 38.1 ± 29.7 21.4 ± 21.4 71.4 ± 32.7 
Co (root) 1.35 ± 0.77 1.52 ± 0.17 2.82 ± 0.54 2.42 ± 0.2 
Co (shoot) 5.29 ± 2.31 3.89 ± 1.03 4.22 ± 1.18 3.77 ± 0.78 
Cd (root) 1.38 ± 0.25 1.83 ± 0.13 1.41 ± 0.65 0.57 ± 0.41 
Cd (shoot) 0.1 ± 0.33 0.11 ± 0.31 < 0.1 < 0.1 
Pb (root) 2.62 ± 1.49 5.48 ± 1.8 10.7 ± 1.89 13.1 ± 1.09 
Pb (shoot) 2.14 ± 1.43 7.62 ± 3.67 12.9 ± 3.98 15.2 ± 3.67 

 
Table 4. Correlation coefficients (r) for soil; significant correlation coefficients are marked (*p< 0.05, **p< 0.01, 

 ***p< 0.001) 
  Cu Cr Ni Zn Co Cd Fe Mn Pb Ca Mg 
Cu 1 -0.42 -0.87*** 0.57 -0.57 0.79** -0.44 -0.52 0.77** 0.79** -0.35 
Cr -0.42 1 0.65* -0.27 0.89*** -0.39 0.89*** 0.93*** -0.03 -0.58* 0.79** 
Ni -0.87*** 0.65* 1 -0.42 0.77** -0.52 0.68* 0.73** -0.66* -0.94*** 0.38 
Zn 0.57 -0.27 -0.42 1 -0.22 0.66* -0.24 -0.21 0.22 0.45 -0.36 
Co -0.57 0.89*** 0.77** -0.22 1 -0.41 0.94*** 0.97*** -0.2 -0.69* 0.76** 
Cd 0.79** -0.39 -0.52 0.66* -0.41 1 -0.27 -0.38 0.51 0.51 -0.44 
Fe -0.44 0.89*** 0.68* -0.24 0.94*** -0.27 1 0.96*** 0.01 -0.63* 0.83*** 
Mn -0.52 0.93*** 0.73** -0.21 0.97*** -0.38 0.96*** 1 -0.16 -0.66* 0.8** 
Pb 0.77** -0.03 -0.66* 0.22 -0.2 0.51 0.01 -0.16 1 0.61* 0.23 
Ca 0.79** -0.58* -0.94*** 0.45 -0.69* 0.51 -0.63* -0.66* 0.61* 1 -0.31 
Mg -0.35 0.79** 0.38 -0.36 0.76** -0.44 0.83*** 0.8** 0.23 -0.31 1 
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3.3. Relationships between metal 
concentrations 
 

The results of correlation analysis in soils 
indicate that five elements (Fe, Mg, Co, Cr and Mn) 
display a statistically most significant positive 
correlation with each other (Table 4), while Ni 
shows the most significant negative correlation with 
Ca and Cu. 

In roots of G. tataricum, the most significant 
positive correlation was between Ni and Fe (Table 5), 
and the most significant negative correlations were 
between Cu and Cd. 

In shoots of G. tataricum, Mn and Fe display 
statistically the most significant positive correlation 
(Table 5), while these two elements show the most 
significant negative correlation with Pb. 

The translocation (TF) and accumulating 
factor (AF) calculated for G. tataricum are presented 
in table 6. 

The values indicate good efficiency in 
translocation of Co, Zn, Ni and Fe. Particularly 
noteworthy is the movement of Co. Intermediate 
values were determined for Cr, and the lowest for 
Cu, where small amount of Cu reached the shoots. 
In G. tataricum especially pronounced tendency in 
accumulating Cr was observed, with AF in the 

range between relatively high to extremely high. 
High accumulation of Cu in most of the samples 
was registered, as well as high accumulation of Co 
in the sample from Hisar (dolomitic substrate). 

 
4. DISCUSSIONS 
 
Macronutrients and trace metals content in 

plants mostly depends on their concentrations and 
forms in soil solutions, the movement to roots, and 
further to the aerial parts of the plant. Plant uptake is 
directly correlated to "plant available" 
concentrations (extractable fractions), not to total 
soil metal concentration (Adriano et al., 2001). 

Regarding the macronutrients, concentration 
of calcium in ultramafics are the lowest in soils, 
while in dolomitic these concentrations are due to 
the presence of carbonates very high. Therefore, 
Ca/Mg ratio in ultramafic soils was expectably low 
(Proctor & Woodel, 1975; Kruckeberg, 1984; 
Brooks, 1987; Proctor, 1999), and very high in 
dolomitic ones. Calcium saturation of ultramafic soil 
is particulary important. Therefore it is very 
important ability of ultramafic flora to provide 
sufficient quantities of this element, given its 
significant deficiency in soils (Duvigneaud, 1966). 

 
Table 5. Correlation coefficients (r) for Goniolimon tataricum. The upper right part refers to the roots, the lower left 

part refers to the shoots; significant correlation coefficients are marked (*p< 0.05, **p< 0.01, ***p< 0.001) 
 

  Cu Cr Ni Zn Co Cd Fe Mn Pb Ca Mg 
Cu 1 0.09 0.37 0.38 0.3 -0.83*** 0.38 0.02 0.43 -0.72** 0.14 
Cr -0.43 1 -0.02 -0.21 0.09 -0.41 -0.01 -0.03 -0.14 -0.14 0.26 
Ni 0.63* -0.16 1 -0.01 0.8** -0.37 1*** 0.78** 0.59* -0.22 0.71* 
Zn 0.06 0.27 -0.26 1 0.05 -0.15 0 0.16 0.59* 0.07 -0.18 
Co 0.19 0.26 0.3 0.25 1 -0.5 0.81** 0.82** 0.7* 0.06 0.79** 
Cd 0.25 0.01 0.04 0.14 0.39 1 -0.37 -0.13 -0.45 0.6* -0.25 
Fe 0.49 -0.37 0.4 0.3 0.26 0.27 1 0.78** 0.58* -0.22 0.73** 
Mn 0.48 -0.41 0.4 0.31 0.2 0.18 0.99*** 1 0.77** 0.38 0.67* 
Pb -0.46 0.3 -0.25 -0.34 -0.02 -0.15 -0.83*** -0.82*** 1 0.14 0.35 
Ca -0.58* 0.36 -0.22 0.31 -0.33 -0.22 -0.23 -0.18 0.12 1 0.09 
Mg -0.36 0.28 0.31 0 0.17 0.18 0.24 0.24 -0.16 0.59* 1 
 
Table 6. Accumulation potential of Goniolimon tataricum for Fe and selected trace elements (Ni, Zn, Cu, Cr, Co) 

 

Sample point Fe Fe Fe Ni Ni Ni Zn Zn Zn Cu Cu Cu Cr Cr Cr Co Co Co 

r/s TF AF r/s TF AF r/s TF AF r/s TF AF r/s TF AF r/s TF AF 
Raduša 1.21 2.33 2.83 0.15 2.13 0.32 1.72 1.55 2.66 12.6 0.84 10.6 83.1 0.47 38.8 0.04 3.92 0.17 

Hisar hill 2.64 1.56 4.1 1.06 3.42 3.61 0.22 1.95 0.42 6.07 0.13 0.79 500 0.76 381 11.7 2.56 29.9 

Mt Vujan 1.28 0.33 0.43 0.24 0.28 0.07 0.56 1.19 0.67 11.9 0.86 10.3 102 0.38 38.3 0.11 1.5 0.16 

Rudine hill 1.13 0.33 0.37 0.14 0.39 0.06 3.72 0.63 2.36 68.4 0.01 0.62 2619 1.36 3571 0.11 1.56 0.18 
 



 

154 

In contrast to Ca, elevated concentrations of 
Mg are characteristic not only for ultramafics, but 
also for dolomites (Jones, 1951; McHale & 
Winterhalder, 1997; Mota et al., 2008). Considering 
this common features, the presence of same species 
on ultramafic and dolomitic substrates is not an 
unusual finding (Perez-Latorre et al., 2013). High 
tolerance towards Mg and substantial accumulation 
of this element in G. tataricum populations 
inhabiting ultramafic and dolomites may be an 
evolutionary trait inherited from a common 
predecessor. Although our results show low 
concentration of available Mg in the dolomitic 
versus the ultramafic sites, it should be borne in 
mind that dolomite is very rich in MgCO3 which is 
slowly and constantly solubilized by low pH plant 
exudates in the rhizosphere, making thus large Mg 
quantities available to the plants during longer time 
intervals. High requirements for Mg may have 
evolved to protect plants from harmful effects of 
heavy metals. By acquiring Mg, uptake of other 
metals sharing the same channels and transporters 
(e.g. Ni, Co, Fe, Mn, Cu) (Li et al., 2001) is 
inhibited. Besides, high concentration of Mg in 
plant tissue, especially in shoots, prevents 
incorporation of other metals in chlorophyll 
molecules. Also, Mg is needed as a co-factor of 
ATP-ases responsible for glutathione-mediated 
transport of heavy metals to vacuoles (Salt & 
Rauser, 1995). 

A low content of macronutrients was expected 
in ultramafic soils (Walker, 1954; Kruckeberg, 
1984; Brooks, 1987; Proctor, 1999). Concentrations 
of K are comparatively low, similarly to the Balkan 
ultramafics (Bani et al., 2010), although in all the 
samples they are higher than those reported by Tumi 
et al. (2012) and Tomović et al., (2013) for other 
ultramafic soils of Serbia. Similar to potassium, the 
amounts of phosphorus are low and elevated only on 
dolomitic soils. The concentrations of Fe in the 
ultramafic samples, both total and available, are very 
high and correspond to a great extent to those 
determined in ultramafics of the Balkan Peninsula, 
i.e. Albania, Greece and Bulgaria (Bani et al., 2010). 
Concentrations of Fe in dolomitic soil are 
remarkably lower. 

Increased concentrations of trace elements, in 
particular Mn, Ni, Cr and Co, were expected in 
samples from ultramafics based on previous findings 
in Serbia (Tumi et al., 2012), Albania, Bulgaria, 
Greece (Bani et al., 2010), Portugal (Freitas et al., 
2004), Turkey (Reeves et al., 2009) and Iran 
(Ghaderian et al., 2007). Concentration of Ni in 
dolomitic sample, remarkably lower in comparison 
to ultramafics, is also more than 10 times lower 

comparing to those from dolomite in South Africa 
(Dowding & Fey, 2007) with Ni amounts in the 
range 399–491 mg/kg. Contents of Mn in soil 
samples from ultramafics of Serbia and Republic of 
Macedonia are within the values obtained from the 
similar substrate from Serbia (Tumi et al., 2012), 
Albania, Greece, Bulgaria (Bani et al., 2010) and 
Iran (Ghaderian et al., 2007). The Mn content in 
dolomitic, although higher than the average (411 to 
550 mg/kg) (Kabata-Pendias, 2011) is still much 
lower than in the ultramafics. The concentrations of 
chromium are also one of the important indicators of 
the substrate on which the soil develops. Soils 
developed from the ultramafics are especially rich in 
Cr, sometimes to above 100,000 mg/kg (Kabata-
Pendias, 2011). In our samples these amounts are 
similar to those from ultramafic of Serbia (Tumi et 
al., 2012, Tomović et al., 2013), but lower than those 
from Greece and Bulgaria (Bani et al., 2010). In 
dolomitic samples these concentrations were lower, 
but still remains higher than the average world 
values (60 mg/kg) (Kabata-Pendias, 2011), and even 
in the range of values obtained from the 
ultramaficsof Iran (Ghaderian et al., 2007). The 
concentrations of Co in the ultramafic soils are 
elevated and correspond to those determined in 
samples of the analog substrate in Serbia (Tumi et 
al., 2012), Albania, Greece and Bulgaria (Bani et al., 
2010), Portugal (Freitas et al., 2004) and Turkey 
(Reeves et al., 2009). In dolomitic soils these values 
are within range of average world values (Kabata-
Pendias, 2011), but considerably lower than those 
reported by Dowding & Fey (2007), which are 
within range 169–267 mg/kg. 

Concentrations of Ni and Mn in plant tissues 
are remarkably lower than those available in soils. 
The lowest concentrations of Ni were observed in 
dolomitic samples, as expected, although the ability 
of some species to store Ni could be better related to a 
protective mechanism against herbivores (Boyd & 
Martens, 1998; Proctor, 1999; Martens & Boyd, 
2002) than to adaptation to ultramafic. The highest 
concentrations of Cr were in the roots of G. 
tataricum, up to 100 times higher compared to soil 
available quantities. Golovatyj et al., (1999) showed 
that the maximum Cr contents were in the roots and 
the minimum in the vegetative and reproductive 
organs. As it was already found by Lombini et al., 
(1998), Bani et al., (2010), Tumi et al., (2012), 
Tomović et al., (2013), concentrations of Co in the 
ultramafic soils in comparison with plant tissues are 
remarkably higher. However, such relation is not 
observed in soil samples from dolomites. 

Increased concentrations of Zn, Cd and Pb in 
dolomitic soil were reported by Trakal et al., (2011) 
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also. The contents of Cd from the ultramafic soil 
samples were similar to those reported by Tumi et 
al. (2012), and generally higher than the average 
world value (Kabata-Pendias, 2011). The obtained 
concentrations of Zn were 3–5 times higher on the 
dolomitic compared to ultramafics, and even two 
times higher than the value recorded on dolomites of 
South Africa (Dowding & Fey, 2007). The highest 
amount of Pb, obtained from ultramafic soil samples 
from Rudine hill (Serbia) exceeds the values for this 
substrate type determined Tumi et al., (2012) for 
several localities in Serbia. Ultramafic concentrations 
of Cu correspond to those determined for Serbia 
(Tumi et al., 2012; Tomović et al., 2013), Turkey 
(Reeves et al., 2009), Bulgaria and Albania (Bani et 
al., 2010), while the values from dolomites were 
lower than those reported by Dowding & Fey 
(2007). 

The concentrations of Zn and Pb in the roots 
and shoots of G. tataricum were lower than the 
available contents of these elements in the soils and 
generally higher in the shoots, but without any 
significant variations, while the highest Cd 
concentrations were found in the roots, with small 
quantities that reach the shoots. Cu contents were 
higher in the roots of G. tataricum than the available 
concentration of this element in the corresponding 
soils, indicating accumulation. Cu accumulation is 
not so common in higher plants, although high 
concentrations were found in the roots of the species 
Alyssum murale on the ultramafics of Serbia (Tumi 
et al., 2012). Elevated quantities of Cu were 
observed on dolomites also. Therefore, it is possible 
that the preference for copper is bonded to family 
Plumbaginaceae, since Armeria maritima was 
recognized as an indicator of copper accumulation 
(Ernst, 1969; Farrago & Mullen, 1979; Farago et al., 
1980; Neumann et al., 1995; Olko et al., 2008). 

In general, according to relationships with 
heavy metal, plants can be grouped into four 
categories: excluders, indicators, accumulators and 
hyperaccumulators (Baker, 1981). In order to 
determine the status of G. tataricum, we calculated 
its accumulation potential (Table 6). Plant ability to 
accumulate metals from soils can be estimated by 
using the accumulation factor (AF), i.e. enrichment 
coefficient, defined as the ratio of metal 
concentration in the shoots to that available in soil 
and as the ratio of the metal concentration in the 
roots to that available in soil. A plant's ability to 
translocate metals from the roots to the shoots is 
measured using TF, which is defined as the ratio of 
shoot/root metal concentration. 

Remarkably high AF was noticed for Cr, 
especially for the plants from Rudine hill 

(AF=3571). The largest amounts of Cr were retained 
in the roots, as expected (Golovatyj et al., 1999), 
except in plant samples from Rudine hill with high 
accumulation both in the shoots and roots. 
Goniolimon tataricum principally behave as Cr 
excluder. The reason of the high accumulation in the 
roots could be immobilization of Cr in the vacuoles 
of the root cells, which may be a natural toxicity 
response of the plant (Shanker et al., 2004). 
Considering the large amount of accumulated Cr, as 
well as the fact that Fe and Cr are known to compete 
for carrier binding (Wallace et al., 1976), low 
concentration of Fe in plant tissues were expected. 

According to TF values, G. tataricum on 
dolomites clearly accumulate Co and Zn 
considering that all values of shoot/root are higher 
than 1 (Baker, 1981; Baker & Brooks, 1989; 
Tilstone & Macnair, 1997). There is an obvious 
tendency of G. tataricum to translocate and 
accumulate high metal concentrations (Co, Zn, 
and partially Ni, Fe and Mn) in above-ground 
plant parts from both low and high trace metal 
concentrations in soil, without toxicity symptoms. 
Translocation factors higher than 1 indicated a 
very efficient ability to transport metal from roots 
to shoots, most likely due to efficient metal 
transport systems (Zhao et al., 2002). 

The values of translocation and 
accumulation factors showed that the 
concentrations of Cu in the roots, where Cu is 
retained, were higher than those available in the 
soils. The strong capability of root tissues to hold 
Cu against the transport to shoots was also 
observed in species Armeria maritima, where only 
10% of Cu concentration was translocated into the 
leaves (Neumann et al., 1995). 

Analysis of correlations between the 
contents of investigated elements in the soils, 
roots and shoots, showed that relationships of Fe 
with other analysed elements were statistically the 
most important. Namely, Fe is positively 
correlated with Cr, Co, Mn and Mg in soils, with 
Ni in roots, and with Mn in shoots. This is in 
contradiction with the attitudes that high level of 
Fe in growth media results in decreasing uptake of 
several trace elements, mainly Ni and Mn, and 
that excess amount of Mn, Ni and Co cause a 
reduction in the absorption and translocation of Fe 
(Kabata-Pendias, 2011). The close association of 
many trace elements with Mn oxides is well 
known (McKenzie, 1980; Dixon & White, 2002; 
Kabata-Pendias, 2011). It was argued that Co has 
a particularly high affinity for Mn oxides (Kabata-
Pendias, 2011), which was also indicated in our 
soil analysis. The interactions between Ni and the 
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other trace elements, Fe in particular, is believed 
to be a common mechanism involved in the Ni 
toxicity (Kabata-Pendias, 2011). Cataldo et al., 
(1978) found that the absorption of Ni by soybean 
roots and its translocation from roots to shoots 
were inhibited by the presence of Cu, Zn, and Fe, 
whereas Wallace et al. (1980) stated that Fe did 
not depress Ni concentrations in leaves of bush 
beans. It was also determined that due to the 
activation of the common channels for metal 
uptake, increase of Ni concentration increased Fe 
accumulation in plants, primarily in the roots 
(Narwal et al., 1991; Parida et al., 2003). This is 
the most probable reason for the uptake of the 
large quantities of Fe together with Ni in G. 
tataricum and their positive correlation (r = 1) in 
roots. The interactions between Cd and Cu are 
also complex. They are both antagonistic and 
synergistic in element uptake by roots (Kabata-
Pendias, 2011). The inhibitory effect of Cu on Cd 
absorption was reported most often (Olko et al., 
2008; Kabata-Pendias, 2011), the same as in G. 
tataricum.  
 

5. CONCLUSIONS 
 
Considering that the samples were collected 

from two different substrate types, the 
concentrations of macro- and trace elements vary to 
a certain extent. The Ca/Mg quotients for the 
available fraction in ultramafic samples are close to 
1, and remarkably high in dolomitic ones. Soil 
samples collected from ultramafics contained 
elevated levels of almost all analysed trace elements. 
As for the dolomitic samples, they are characterized 
by elevated levels of Cd, Mn, Pb, Zn, and among the 
macronutrients, especially of Ca. 

Despite relatively low available Mg content in 
the soil samples, the concentrations in plant tissues 
are extremely high, significantly higher than in soil 
(especially in dolomitic samples). On the contrary, 
concentrations of Ca in roots and shoots are 
generally low. The Ca/Mg ratios in plant tissues 
from all sample points are <1, as is typical for 
ultramafics. Concentrations of the majority of trace 
elements (Mn, Ni, Zn, Pb) were found in plants at 
lower levels than in the soil. Fe and some of the 
trace elements like Cd, Cr and Cu, were present in 
plant tissues in larger quantities than in soil. 

These analyses revealed that G. tataricum 
possesses the ability to accumulate Cu, previously 
observed in other representatives of the family 
Plumbaginaceae. In addition, strong ability of G. 
tataricum to accumulate Mg and Cr from 
corresponding soil is very conspicuous. Although G. 

tataricum cannot be characterized as 
hyperaccumulator of Cr, high AF and low TF make 
this species suitable for phytostabilization of 
contaminated sites. 
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